Japanese Publication number : 08*28941 OA 

JPO and INPIT are not responsible for any 
damages caused by the use of this translation. 

1. This document has been translated by computer. So the translation may not reflect the 
original precisely. 

2 **** s h ows the word which can not be translated. 
3. In the drawings, any words are not translated. 



CLAIMS 



[Claim(s)] 

[Claim 1]A drive of electric rolling stock which has a control device including a signal 
generation means which generates a signal which controls rotation of an electric motor 
characterized by comprising the following for a vehicles drive which makes carried DC 
power supply the source of power, and said electric motor. 

A power battery which consisted said DC power supply of rechargeable batteries, and was 
connected to said electric motor. 

An energy battery which consisted of fuel cells and was connected in parallel with said 
power battery via a booster circuit constitutes, Battery current and a voltage control 
means which controls said booster circuit based on one of current or voltage of said power 
battery, an energy battery, or an electric motor, and maintains voltage of said DC power 
supply in a predetermined range 

A charging control means which performs charge to said power battery from said energy 
battery when a charge of said power battery is below a predetermined value, and suspends 
charge when said charge is larger than this predetermined value. 

[Claim 2] A drive of electric rolling stock which has an inverter characterized by comprising 
the following which changes carried DC power supply into AC power supply of variable 
voltage and a variable frequency, a three phase alternating current electric motor for a 
vehicles drive, a signal generation means which generates a signal which controls said 
inverter, and a key switch. 

A power battery which consisted said DC power supply of rechargeable batteries, and was 
connected to said three phase alternating current electric motor via said inverter. 
Consist of a fuel cell which always generates a constant output, and an energy battery 
connected in parallel with said power battery via a booster circuit constitutes, Battery 
current and a voltage control means which controls said booster circuit and maintains 
voltage of said DC power supply in a predetermined range based on one of current or 
voltage of said power battery, said energy battery, said three phase alternating current 
electric motor, or an inverter input current 

A charging control means which performs charge to said power battery from said energy 
battery when a charge of said power battery is below a predetermined value at the time of 
OFF of said key switch, and suspends charge when said charge is larger than this 
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predetermined value. 

[Claim 3]A drive of electric rolling stock characterized by comprising the following. 
A transistor for switching which short-circuits said energy battery for said booster circuit. 
The hybrid battery according to claim 1 or 2 characterized by what comprises a reactor and 
a reverse flow preventing diode. 

[Claim 4]When said battery current and voltage control means have electric rolling stock 
in regenerative mode which collects braking energies, A drive of electric rolling stock 
provided with the hybrid battery according to claim 1, 2, or 3 characterized by what 
operation of said booster circuit is set to OFF, and is constituted so that charge to the 
aforementioned power battery by said energy battery may be suspended. 
[Claim 5]Electric rolling stock is provided with an auxiliary machine class including an 
electric motor for air-conditioners, an electric motor for power steering, and an electric 
motor for vacuums, and these auxiliary machine classes, A drive of electric rolling stock 
provided with the hybrid battery according to any one of claims 1 to 4 driving said energy 
battery as a power supply. 

[Claim 6]An inverter which changes DC power supply characterized by comprising the 
following from a carried main power supply into AC power supply of variable voltage and a 
variable frequency, A three phase alternating current electric motor for a vehicles drive, 
and a current sensor and a velocity sensor which detect current and revolving speed of this 
three phase alternating current electric motor, An alternating current command 
generating means which generates a three phase alternating current current command 
based on an output of an accelerator opening and said velocity sensor, A PWM signal 
generating means which generates a signal which controls said inverter based on said 
three phase alternating current current command and current which flows into said three 
phase alternating current electric motor, and a drive of electric rolling stock which has a 
key switch. 

A power battery which consisted said main power supply of rechargeable batteries, and 
was connected to said three phase alternating current electric motor via the main 
contactor and said inverter. 

A current sensor which consists of fuel cells, constitutes with an energy battery connected 
in parallel with said power battery via a booster circuit, and detects current of said power 
battery and said energy battery. 

Battery current and a voltage control means which controls said booster circuit and 
maintains voltage of said DC power supply in a predetermined range based on one of 
current or voltage of said power battery, said energy battery, said three phase alternating 
current electric motor, or an inverter input current 

[Claim 7]A drive controlling method of electric rolling stock characterized by comprising 
the following. 
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An electric motor for a vehicles drive which makes carried DC power supply the source of 
power. 

A power battery which it is the control method of electric rolling stock of having a signal 
generation means which generates a signal which controls rotation of this electric motor, 
and said DC power supply consisted of rechargeable batteries, and was connected to said 
electric motor. 

An energy battery which consisted of a fuel cell which always generates a constant output, 
and was connected in parallel with said power battery via a booster circuit. 
In what was constituted by a key switch which controls turning on and off of these 
batteries, By battery current and a voltage control means, by controlling said booster 
circuit based on one of current or voltage of said power battery, said energy battery, or said 
electric motor, Charge from said energy battery to said power battery, and voltage of said 
DC power supply is maintained in a predetermined range, A hybrid battery characterized 
by what charge to said power battery from said energy battery is performed when a charge 
of said power battery is below a predetermined value at the time of OFF of said key switch, 
and charge is suspended for when said charge is larger than this predetermined value. 

[Claim 8]A pump for said energy battery to discharge fuel supply and a resultant, A drive 
controlling method of electric rolling stock which was provided with an auxiliary machine 
class including an electric motor for air-conditioners, an electric motor for power steering, 
and an electric motor for vacuums, and was provided with the hybrid battery according to 
claim 7 driving said energy battery for these pumps and auxiliary machine classes as a 
power supply. 

[Claim 9]When electric rolling stock is in regenerative mode which collects braking 
energies, said battery current and voltage control means, A drive controlling method of 
electric rolling stock provided with the hybrid battery according to claim 7 or 8 
characterized by what operation of said booster circuit is set to OFF, and charge to the 
aforementioned power battery by said energy battery is suspended for. 
[Claim 10]A drive method of claims 17 provided with an auxiliary battery for vehicles 
which supplies a power supply to a pump which discharges a fuel-supply resultant of said 
energy battery, and said pump, and said DC-DC converter for auxiliary battery charge, 
and electric rolling stock provided with a hybrid battery of nine statements. 



DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Industrial Application]This invention relates to the drive and drive controlling method of 
the suitable electric rolling stock for the electric rolling stock driven with the electric motor 
which is built over the drive and drive controlling method of electric rolling stock, 
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especially uses a hybrid battery as a power supply. 
[0002] 

[Description of the Prior ArtlThe inverter from which electric rolling stock generally 
changes the carried DC power supply into the AC power supply of variable voltage and a 
variable frequency, The three phase alternating current electric motor for a vehicles drive, 
and the current sensor and velocity sensor which detect the current and revolving speed of 
this three phase alternating current electric motor, The torque command calculating 
means which opts for the torque command of a three phase alternating current electric 
motor according to an accelerator opening, The three phase alternating current current 
command generating means which generates the three phase alternating current current 
command for controlling the current of a three phase alternating current electric motor 
based on the output of said torque command and said current sensor, It has the signal 
generation means which generates the signal which controls said inverter based on said 
three phase alternating current current command and the current which flows into said 
three phase alternating current electric motor. 

[0003]The use is being expanded as a clean car by which such electric rolling stock does not 
discharge the toxic substance leading to air pollution as exhaust gas and which may 
harmonize with earth environment. "The development trend of the cell for electromobiles" 
is entitled in 69 pages - 74 pages of the "chemical industry" December, 1992 item of 
chemical industry company issue, and the development trend of a new cell is introduced to 
them. 

[0004]Although the rechargeable battery, especially the lead battery are generally widely 
used as a battery for electric rolling stock, the mileage of a rechargeable battery per 1 
charge is short, and when this promotes the spread of electric rolling stock, it has been a 
serious obstacle. 

[0005] On the other hand, an ordinary temperature type fuel cell like a polymer electrolyte 
fuel cell is attracting attention in recent years as a battery for electric rolling stock which 
replaces a rechargeable battery. A fuel cell makes hydrogen and oxygen of fuel react 
electrochemically, and takes out energy. 

Since it continues generating an output while fuel is supplied, prolonged operation is 
attained. 

Excretions are also clean. However, the output voltage of the cell of a unit is [ IV or the 
output power of the output of the ordinary temperature type fuel cell put in practical use ] 
a 1 W/cm 2 grade. 

As a battery for electric rolling stock with which a wide range output is demanded, even 
not only low loading but a heavy load has the fault that power density is low. 

[0006]Then, when there is much current which flows into an electric motor, use both a fuel 
cell and a rechargeable battery and when small, A rechargeable battery is charged with 
the surplus electric power of a fuel cell, and the art of the hybrid battery which enabled it 
to bear the following big load is shown in JP,47-32321,A or JP,6-124720,A. 
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[0007] 

[Problem(s) to be Solved by the Invention]According to the electric power unit of the 
above-mentioned conventional hybrid battery method, as a battery for electric rolling stock, 
the weak point of a rechargeable battery or an ordinary temperature type fuel cell is 
compensated, and the battery which can meet the wide range output requirement is 
obtained, as opposed to the rated voltage of a rechargeable battery being usually 300V ■■ 
the rated voltage of a fuel cell - 24V-96V ■■ generally it is 48V. In the electric rolling stock 
provided with the electric power unit of the conventional hybrid battery method, it was not 
fully considered about a difference with this big rated voltage, but there was nothing 
should fully be satisfied with the viewpoints of a running characteristic, the distance which 
can be run, etc. of. 

[0008]In the thing using the hybrid battery with which the purpose of this invention 
combined the rechargeable battery and the fuel cell as a battery for electric rolling stock, It 
is in being able to meet the wide range output requirement of the low loading of vehicles to 
a heavy load, and providing the drive system of the electric rolling stock where the distance 
which can be run is long by making both characteristics into the fully harnessed optimal 
using form in consideration of a difference of the rated voltage of a fuel cell and a 
rechargeable battery. 
[0009] 

[Means for Solving the ProblemlThis invention is characterized by that a drive of electric 
rolling stock which has an electric motor for a vehicles drive which makes carried DC 
power supply the source of power, and a signal generation means which generates a signal 
which controls rotation of said electric motor comprises: 

A power battery which consisted DC power supply of rechargeable batteries, and was 
connected to said electric motor. 

Consist of fuel cells and an energy battery connected in parallel with said power BATTE 
**** Leigh via a booster circuit constitutes, Battery current and a voltage control means 
which controls said booster circuit based on one of current or voltage of said power battery, 
said energy battery, or said electric motor, and maintains voltage of said DC power supply 
in a predetermined range 

A charging control means which performs charge to said power battery from said energy 
battery when a charge of said power battery is below a predetermined value, and suspends 
charge when said charge is larger than this predetermined value. 

[0010]According to other features of this invention, an energy battery is provided with a 
drive pump which performs supply of fuel, and discharge of a resultant, and this drive 
pump uses a power battery as a power supply at the time of starting. Electric rolling stock 
is provided with an auxiliary machine class including an electric motor for air-conditioners, 
an electric motor for power steering, and an electric motor for vacuums, and these 
auxiliary machine classes drive an energy battery as a power supply. 
[00 11] When electric rolling stock is in regenerative mode which collects braking energies 
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according to other features of this invention, in order to raise recovering efficiency of 
braking energy to said power battery, operation of said booster circuit is set to OFF, and 
charge to the aforementioned power battery by said energy battery is suspended. 
[0012] 

[Function]Any two current or voltage of the power battery and energy battery which were 
connected in parallel, or said electric motor is detected and controlled by battery current 
and a voltage control means, and the voltage as DC power supply is maintained by the 
predetermined range. When the charge of said power battery is below a predetermined 
value, charge to said power battery from said energy battery is performed, and charge is 
suspended when said charge is larger than this predetermined value. 
[0013]According to this invention, by operational status with light load of electric rolling 
stock, pressure up of the electric power required for operation of an electric motor is carried 
out, and it is supplied mainly from an energy battery. If the load of electric rolling stock 
increases and bigger power is needed, the electric power from a power battery will mainly 
be supplied to a three phase alternating current electric motor. 

[0014]It becomes possible to run for a long period of time, satisfying the output 
requirement characteristic that low loading to a heavy load reaches far and wide by 
carrying out pressure up, supplying electric power to the power battery of high tension, 
and charging from the energy battery of the low voltage which always generates a fixed 
output. By using the electric power of a power battery for the running driving force of the 
large vehicles of a load change, and using especially, the electric power of the energy 
battery with which a fixed output is obtained over a long period of time for an auxiliary 
machine class with comparatively few load changes, The distance which can be run can be 
extended and KOMBAKUTCHzation of the size of an electric power unit can be attained. 
Low loading to a heavy load can meet the wide range output requirement of vehicles, and a 
running characteristic can be improved. 
[0015] 

[Example]Hereafter, one example of this invention is described according to the block 
diagram of the drive of the electric rolling stock of drawing 1 . In drawing 1 . the main power 
supplies carried in electric rolling stock are DC power supply which consist of the energy 
battery 1 connected in parallel and the power battery 2. As the energy battery 1, the fuel 
cell which always generates a fixed output, and the lead battery which is rechargeable 
batteries as the power battery 2 are used. 3 is an auxiliary battery which backs up the 
controller 10. The energy battery current and voltage detection circuits with which 4 
detects the current and voltage of an energy battery, the power battery current and voltage 
detection circuits with which 5 detects the current and voltage of a power battery, and 6 
are the relays for energy batteries. 7 is a booster circuit which carries out pressure up of 
the voltage of the energy battery 1, and charges the power battery 2. It is a velocity sensor 
with which, as for the main contactor in which 12 opens and closes a main circuit, the 
inverter from which 13 changes the direct current power of the batteries 1 and 2 into 
alternating current power using a power switching element, and 14, the three phase 
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alternating current electric motor for an electric-rolling-stock drive and 15 detect a key 
switch, and 16 detects the number of rotations N of the electric motor 14. 17 (17a, 17b, 17c) 
is a current sensor, and detects the primary current i of the three-phase alternating 
current which flows into the primary winding of the alternating current motor 14 (iu, iv, 
iw). 18 is an accelerator switch which breaks in when getting into the accelerator, and 
takes out output thetaA according to quantity. 19 is a pump for discharging the fuel supply 
and the resultant to the energy battery 1. 

[0016]The booster circuit 7 comprises the transistor 7b for switching which short-circuits 
the energy battery 1, and the reactor 7a and the reverse flow preventing diode 7c. The 
rated voltage of 300V and the energy battery 1 is 48V, and the rated voltage of the power 
battery 2 is the booster circuit 7, By carrying out pressure up of voltage VE of the energy 
battery 1 to voltage a little higher than rated voltage VP of the power battery 2, or this, the 
power battery 2 is charged with the energy battery 1, and it functions as a power supply 
over the three phase alternating current electric motor 14 for an electric-rolling-stock drive. 
[0017]The controller 10, It has the rotational speed detection means 20, the primary 
frequency instruction creating means 22, the torque command calculating means 30, the 
accelerator opening calculating means 31, the vector control calculating means 32, the 
alternating current command generating means 33, current and a voltage control means 
40, the PWM signal generating means 42, and battery current and a voltage control means 
44. 

[0018]The controller 10 incorporates the revolving speed N of an electric motor, the electric 
motor current i, and accelerator opening thetaA, The torque command Tr is calculated by 
the torque command calculating means 30, primary angular-frequency omegai* is 
calculated by the primary frequency instruction creating means 22, and alternating 
current instruction Ii is calculated by the vector control calculating means 32. Using these 
primary angular-frequency omegai*, alternating current instruction Ii, etc., by current, 
the voltage control means 40, and the alternating current command generating means 33, 
each processing of current control, a volts alternating current instruction operation, etc. is 
performed, and a PWM signal is outputted from the PWM signal generating means 42. The 
3-phase alternating-current voltage of a variable frequency and variable voltage is formed 
from the direct current voltage of the batteries 1 and 2, and the torque of the three phase 
alternating current electric motor 14 is controlled by the inverter 13 driven based on this 
PWM signal. 

[0019]The angular-rate-of-rotation detection means 20 detects angular-rate-of-rotation 
omegar (omega=2pi N/60) of the alternating current motor 14 from the A phase of the 
output N of the speed sensor 16, and a B phase pulse. In the torque command calculating 
means 30, torque command taur given to the three phase alternating current electric 
motor 14 is generated by considering quantity corresponding to amount of treading in 
thetaA of the accelerator called for by the accelerator opening calculating means 31, and 
angular-rate-of-rotation omegar of the electric motor searched for by the 
angular-rate-of-rotation detection means 20 as an input. 
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[0020]The vector control calculating means 32 considers the magnetization electric motor 
instructions im and electric motor torque tauM as an input, and generates torque current 
command It*. The alternating current command generating means 33 generates current 
command i* (iu*, iv*, iw*) to current and the voltage control means 40 based on 
alternating current instruction Ii and primary angular-frequency omegai*. Current and 
the voltage control means 40 consider current command i* and the electric motor current i 
as an input, and generates reference signal Eu* for obtaining electric motor torque tauM, 
Ev*, and Ew*. 

[002l]In the PWM signal generating means 42, a reference signal (Eu*, Ev*, Ew*) is 
compared with a chopping sea, a PWM signal is searched for, and the gating signal of the 
six-piece power element which constitutes the arm of PWM inverter 13 based on this PWM 
signal is formed. 

[0022]Based on the output of battery current and the voltage detection circuits 4 and 5, 
battery current and the voltage control means 44, When it controls so that current and 
voltage of the energy battery 1 or the power battery 2 are maintained by the 
predetermined range, and this current and voltage exceed an acceptable value, or when it 
falls from an acceptable value, Either the relay 6 or the main contactor 12 is made into an 
opened state, or the booster circuit 7 is operated, and it controls so that each current and 
voltage become an acceptable value. The details of this control are explained later. 
[0023]The example of 1 composition of the energy battery 1 is shown in drawing 2 . An 
energy battery comprises the fuel reforming part 100 and the fuel cell cell part 120. In the 
fuel reforming part 100, methanol CH3OH reaches or the reforming reaction of methane 
CH4 and water H2O generates H 2 gas. The fuel cell cell part 110 is provided with the fuel 
electrode 112, the electrolysis 114, the oxygen electrode 116, and the outputting part 118. 
The cell output about 1 W/cm 2 is taken out by the outputting part 118 per one cell by 
catalytic reaction by using as a raw material H2 gas and O2 gas which are supplied with 
the pump 19. 

Water H2O generated as a result of the reaction is discharged with the pump 19. As for the 
energy battery 1, as long as a raw material is supplied, a fixed cell output is always 
obtained by the outputting part 118. The pumps 19 are predetermined conditions and, also 
in OFF of the key switch 15, drive. The details are given later. 

f0024l Drawing 3 shows the characteristic of the energy battery 1 and a power battery. 
Compared with voltage VC after the pressure up of the energy battery 1, voltage VP of the 
power battery 2 comprises this invention so that voltage high to the large range of current 
may be maintained. However, in the unloaded condition, it is set up so that pressure-up 
voltage VC of the energy battery 1 may become higher than voltage VP of the power 
battery 2. Therefore, in operational status with light load of electric rolling stock, electric 
power required for operation of the electric motor 14 is supplied mainly from the energy 
battery 1. If the load of electric rolling stock increases and bigger power is needed, the 
electric power from the power battery 2 will mainly be supplied to the electric motor 14. 
[0025]The discharge current of the energy battery 1 is controlled by the booster circuit 7 to 
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become below the maximum IEMAX. 

[0026]When the power battery 2 is in a discharge state, the power battery 2 is charged 
with the energy battery 1. For that purpose, the booster circuit 7 is operated, the main 
contactor 12 is opened, pressure up of the voltage of the energy battery 1 is carried out, and 
electric power is supplied to the power battery 2. At this time, it controls in the booster 
circuit 7 so that the current of the energy battery 1 detected with battery current and 
voltage detection circuits becomes below IEMAX. When the charging rate of the power 
battery 1 reaches a predetermined value (usually 90 to 100% of within the limits), 
operation of the booster circuit 7 is made off and charge is suspended. If charge of the 
power battery 2 is completed, relay 6 ** will be turned OFF. At this time, the current 
which flows from the energy battery 1 is restricted to below IEMAX. What is necessary is 
just to perform charge of the power battery 2 by choosing the state where electric rolling 
stock does not need power. 

[0027] Operation of the battery current and the voltage control means 44 of the controller 
10 is as being shown in drawing 4 . First, voltage EP of the power battery 2 detected by 
power battery current and the voltage detection circuits 5 confirms whether be more than 
the predetermined voltage EPC in the state of OFF of the key switch 15 (Step 402). The 
following control is unnecessary when it is more than the predetermined voltage EPC. 
[0028]When voltage EP of the power battery 2 has not reached the predetermined voltage 
EPC next, electric rolling stock confirms whether to be the regenerative mode which 
collects braking energies (Step 403). When it is in regenerative mode, in order to raise the 
recovering efficiency to the power battery 2 of braking energy, operation of the booster 
circuit 7 is made off and charge by the energy battery 1 is suspended. When there is no 
electric rolling stock in regenerative mode, the booster circuit 7 is made into switch-on, and 
the power battery 2 is charged (Steps 404-406). Next, if the key switch 15 is turned on, the 
relay 6 and the main contactor 12 will be made into switch-on, and electric power will be 
supplied to the electric motor 14 from the energy battery 1 and the power battery 2 (Steps 
408-410). At this time, the current which flows from the energy battery 1 is restricted to 
below IEMAX. This control is made by driving the booster circuit 7, as the battery current 
detected by battery current and the voltage detection circuits 4 becomes below IEMAX. 
(Steps 412-416). 

100291 Drawing 5 explains operation of the booster circuit 7. The operating state 7b, i.e., the 
transistor for switching, repeats [ the booster circuit 7 ] one and OFF the predetermined 
cycle T (tl+t2), as shown in (a) of a figure. When the transistor 7b for switching is one, the 
current IEb of an energy battery changes, as shown in (b) of a figure, and current IT which 
short-circuits an energy battery via the reactor 7a, and flows into the transistor 7b changes 
between Imin and Imax, as shown in (c) of a figure. When the transistor 7b for switching is 
turned OFF, it is superimposed on the voltage of the voltage reactor 7a of an energy 
battery, and a power battery is supplied via the reverse flow preventing diode 7c. The 
charging current ICH and charge-voltages VC at this time change, as shown in (d) of a 
figure, and (e). Charge-voltages VC is charged by the high state where voltage VP of the 



9/14 



Japanese Publication number : 08-28941 OA 

power battery was exceeded, at a certain time. 

[0030]The relation between energy battery VE, the charging current ICH, and 

charge -voltages VC is as a following formula. 

[0031] 

[Equation l] 

4-»-t:.^v t .x '-^ i - x>-v p k 1 -;'- 

— i i nill t 2 

— max mi n Z_ 

1 ch 2 T 

^-Lin,.x 2 + v T2 T CH =v p T CH 

4- L in..x 2=T CH(Vp-V T2 ) ... 

[0032]The energy battery 1 is in a discharge state, when voltage is low, operation of the 
booster circuit 7 is made into a halt condition, and electric power is supplied to the electric 
motor 14 only from the power battery 2. 

[0033] When the charge-and-discharge state of the power battery 2 is detected with battery 
current and the voltage detection circuits 5 and voltage EP of the power battery 2 becomes 
more than the predetermined voltage EPC, the booster circuit 7 is made into a halt 
condition, and the charge from the energy battery 1 is stopped (Steps 418-420). Control 
which maintains current and voltage in the predetermined range by the same processing 
as the following about the energy battery 1 and the power battery 2 as an electric power 
unit of electric rolling stock is made. 

[0034]Thus, when the charge of the power battery 2 is below a predetermined value, Even 
if the key switch 15 is off, the pump 19 is driven, the output of the energy battery 1 is 
generated, charge to the power battery 2 is performed, and charge will be suspended if the 
charge of the power battery 2 reaches this predetermined value. 

[0035]The relay 6 is turned OFF when it is necessary to supplement the energy battery 1 
with generation of heat, such as a certain abnormalities, or fuel. 

f0Q36l Drawing 6 is a figure showing the charging and discharging characteristic of the 
power battery 2 and the energy battery 1. For example, since the voltage of the energy 
battery 1 is high when the charging rate of the power battery 2 is 75%, in the current iA, 
current flows into the power battery 2 from the energy battery 1. Charging current and 
discharge current balance in the place where discharge current iAl and charging current 
iA2 became equal. 
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[0037]The charging state of the power battery 2 is detected with battery current and the 
voltage detection circuits 5. Drawing 7 is a figure showing the detecting method of a power 
battery charging state. 

The voltage ViG when a certain restoration current IG flows is detected, and the charging 
state of a power battery is distinguished. 

When voltage when restoration current IGi flows is ViGia, a charging rate is 75%, and a 
charging rate is 95% when voltage is ViGib. When similarly voltage when restoration 
current IG2 flows is ViG2a, it is 75% of a charging rate, and a charging rate is 95% when 
voltage is ViG2b. When charge will be started as an example of the charge control of a 
power battery if a charging rate will be 75% or less, and a charging rate will be about 95%, 
it is good to suspend charge. 

[0038]As an electric motor for the electric-rolling-stock drive of this invention, it may 
replace with an alternating current motor and a direct current motor may be used. Means 
other than an inverter may be used as a means to change DC power supply into the AC 
power supply of variable voltage and a variable frequency for alternating current motors. 
[0039]In the control which maintains current and voltage of the energy battery 1 or the 
power battery 2 in the predetermined range by battery current and the voltage control 
means 44, It may control by searching for required control information by an operation 
from the primary current i which flows into one current of either battery current and the 
voltage detection circuits 4 and 5 or voltage, and the primary winding of the alternating 
current motor 14 besides the method of using the output of battery current and the voltage 
detection circuits 4 and 5. For example, since the loaded condition of the alternating 
current motor 14 and the state of the current and voltage of both the batteries 1 and 2 turn 
out to be an output of battery current and the voltage detection circuits 4 by the primary 
current i which flows into the primary winding of the alternating current motor 14, control 
same with having described above can be performed. 

r0040l Drawing 8 is a figure in the example of drawing 1 showing other examples of the 
control device portion of the energy battery of a hybrid battery. 

As for 15, the electric motor for energy battery drive pumps and 24 are DC-DC converters a 
key switch and 190. 

120 shows the load of an energy battery and the electric motor 120a for air-conditioners, 
the electric motor 120b for power steering, and the electric motor 120c for vacuums are 
included. 130 shows the relay for loads of an energy battery, and the electric motor relay 
130a for air-conditioners, the electric motor relay 130b for power steering, and the electric 
motor relay 130c for vacuums are included. As an electric motor relay further for energy 
battery drive pumps, the first relay (RLfl) 190a and the second relay (RLf2) 190b are 
included. 

[004l]Next, operation of the control device portion of the hybrid battery of drawing 8 is 
explained. In this example, the drive pump 19 of the energy battery 1 uses the power 
battery 2 as a power supply at the time of starting. If operation is explained referring to 
drawing 9 . the key switch 15 changes with OFF before starting. 
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An OFF state has both the relays 190 (the first relay 190a, the second relay 190b) of the 
electric motor for energy battery drive pumps. 

If the key switch 15 is turned on at the time of starting, the first relay 190a will be turned 
on, Electric power is supplied to the electric motor of the drive pump 19 from the power 
battery 2, the energy battery drive pump 19 supplies a raw material to an energy battery, 
i.e., a fuel cell, and, as a result, the energy battery 1 generates an output. While the second 
relay (RLf2) 190b operates and supplying electric power to the electric motor of the drive 
pump 19 from the energy battery 1 in connection with this, charge is made from the energy 
battery 1 to the power battery 2. After the energy battery 1 comes to generate sufficient 
output, the first relay 190a is come by off. 

[0042]Thus, self-hold of the second relay 190b is carried out after starting of the energy 
battery 1. Then, even if the key switch 15 is turned OFF for the shutdown of electric rolling 
stock, the operating state of this energy battery continues, and charge is continued from 
the energy battery 1 to the power battery 2 until the voltage of the power battery 2 
detected with battery current and the voltage detection circuits 5 becomes a predetermined 
value. 

[0043]The load of the energy battery 1, for example, the electric motor for air-conditioners, 
the electric motor for power steering, The electric motor for vacuums is connected to the 
energy battery 1 via the relay 130a for loads, i.e., the electric motor relay for 
air-conditioners, the electric motor relay 130b for power steering, and the electric motor 
relay 130c for vacuums, respectively. It cannot be overemphasized that each load is 
provided with the relay which controls shutdown original with each load other than the 
relay corresponding to this energy battery 1. 

[0044]To the load of these auxiliary machine classes, electric power is supplied from the 
energy battery 1. This is for using the electric power of the power battery 2 for the running 
driving force of the large vehicles of a load change, and using the electric power of the 
energy battery 1 with which a fixed output is obtained over a long period of time for an 
auxiliary machine class, for example, an air-conditioner, with comparatively few load 
changes. By this, the distance which can be run can be extended and 
KOMBAKUTO-ization of the size of an electric power unit can be attained. Low loading to 
a heavy load can meet the wide range output requirement of vehicles, and a running 
characteristic can be improved. 

[0045]DC-DC converter 24 charges the auxiliary battery 3 with the electric power of the 
energy battery 1. Control of this charge is performed supervising the voltage of the 
auxiliary battery 3 by battery current and the voltage control means 44. 
f 00461 Drawing 10 is a figure in the example of drawing 1 showing other examples of the 
control device portion of the energy battery 1, and is **. In this example, the drive pump 19 
of the energy battery 1 uses the auxiliary battery 3 as a power supply at the time of 
starting. If operation is explained referring to drawing 11 . the key switch 15 changes with 
OFF before starting. 

An OFF state has the relay 190 for the electric motors of the energy battery drive pump 19. 
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If the key switch 15 is turned on at the time of starting, the relay 190 will be turned on, 
electric power will be supplied to the electric motor of the drive pump 190 from the 
auxiliary battery 3, the drive pump 19 will supply a raw material to an energy battery, i.e., 
a fuel cell, and, as a result, the energy battery 1 will generate an output. In connection 
with this, charge is made from the energy battery 1 to the power battery 2. Then, even if 
the key switch 15 is turned OFF for the shutdown of electric rolling stock, the operating 
state of this energy battery continues, and charge is continued from the energy battery 1 to 
the power battery 2 until the voltage of the power battery 2 detected with battery current 
and the voltage detection circuits 5 becomes a predetermined value. 

[0047]The load of the energy battery 1 like the case of drawing 8 T he relay respectively for 
loads, Namely, it is connected to the energy battery 1 via the electric motor relay 130a for 
air-conditioners, the electric motor relay 130b for power steering, and the electric motor 
relay 130c for vacuums, and, as for such loads, electric power is supplied from the energy 
battery 1. DC-DC converter 24 charges the auxiliary battery 3 with the electric power of 
the energy battery 1. If it is carried out like the case where the power battery 2 is received, 
supervising the voltage of the auxiliary battery 3 by charge battery current and the voltage 
control means 44, it continues even if the key switch 15 is turned OFF, and voltage 
becomes a predetermined value, control of this charge will stop the drive pump 19, and will 
be ended. Also in this example, the electric power of the power battery 2 is used for the 
running driving force of the large vehicles of a load change, and a load change uses the 
electric power of the energy battery 1 with which a constant output is obtained for 
comparatively few auxiliary machine classes, for example, air-conditioner. Although this 
example uses the auxiliary battery 3 as a power supply at the time of starting of the energy 
battery 1, this [ its ] is effective when there is comparatively little power consumption by 
the drive pump 19. 
[0048] 

[Effect of the Invention]In this invention, from the energy battery which always generates 
a fixed output, pressure up of the electric power is carried out to a power battery, and it 
charges to it. 

Therefore, it becomes possible to run for a long period of time, satisfying the output 
requirement characteristic that low loading to a heavy load reaches far and wide. 
Low loading to a heavy load can meet the wide range output requirement of vehicles, and a 
running characteristic can be improved. 

DESCRIPTION OF DRAWINGS 

[Brief Description of the Drawings] 

[Drawing l] It is a block diagram of the drive controlling device of the electric rolling stock 
which becomes one example of this invention. 

[Drawing 2] It is a figure showing the example of 1 composition of the energy battery of 
drawing 1 . 
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fDrawing 3] It is a figure showing the characteristic of the battery which constitutes a main 
power supply. 

fDrawing 4] It is a flow chart showing operation of the battery current and the voltage 
control means of drawing 1 . 

fDrawing 5] It is a figure explaining operation of a booster circuit. 

fDrawing 6] It is a figure showing the charging and discharging characteristic of a power 
battery and an energy battery. 

fDrawing 7l lt is a figure showing the detecting method of a power battery charging state. 
fDrawing 8] It is a figure in the example of drawing 1 showing other examples of the control 
device portion of an energy battery. 

fDrawing 9] It is a time chart which shows operation of drawing 8 . 

fDrawing 10] It is a figure in the example of drawing 1 showing other examples of the 

control device portion of an energy battery. 

fDrawing lll lt is a time chart which shows operation of drawing 10. 
[Description of Notations] 

1 - An energy battery, 2 ■■ A power battery, 3 - Auxiliary battery, 7 [ - Electric motor, ] - 
A booster circuit, 12 - A main contactor, 13 ■■ An inverter, 14 15 [ - An accelerator switch, 
19 / •- A shift switch, 20 / •■ A rotational-speed-detection circuit, 30 / " A torque command 
calculating means, 32 / - A vector control calculating means, 40 / ■■ Electric motor current 
and a voltage control means, 42 / " PWM signal generating means ] " A controller, 16 " A 
velocity sensor, 17 -- A current detection machine, 18 



[Translation done.] 
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«EAWiG2bOi:*, »i9 5%t'fc5. 
/\y->\ >y -f 'J -©fcWMtflOHW t LT(i, 78t*tf 

[0 0 3 8] ftfc, #8W©*M»ffi»ffl©«fi«i:L 

[0 0 3 9] ^vf-'J«ft'*EMIil#S4 4t 

£9, X^Myf'J l-S>/<7-/Vyfy 2©*^ 

yf-UWIt'«EE*tail4, 5 0V^1Ttl*»0 1O0«8ll 
SftttWEEt, 1 4 © 1 &3tttcffiftS 1 ^ 
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wan fc*5&aaiw«M**H*"i?#*. ww*ffft 

fit, Zmmi® l 4 (73 1 3K«MlK:«C4a« 1 3WWK l i: 
tci^T, SiJlWlM&i 4©ftffltttlk Rtm^vr'J 
1 , 2<D«ffi- WJBDttlStfbfrS©-?, ±KLftcQ£ 

[0 0 4 0] 08tt, H 1 Qgttfflfcfetf** >vf7>J 

i5ti*-x^7f> 190 

ttX*;^-/<-yfUBll#>yffl«KiaL 2 4ttDC 
-DCnv/^t-^TfeSo £ft, 12 0(iv x*/V4*- 
/^f';oft»*^U x73yffl«Brtll 2 0 a, /< 
7-7f-7'J^fflWilZ0b, 
« 1 2 0 c tf^SttSo 1 3 Otti*^^ 

^'JOaWffl'JU-ft^U l73>ffllftI'J b- 1 
3 0 a, /^-XfT'Jy^fflWi'JWl 3 0 b, 
/^a-AfflSlIUb-l 30 ctfSStt*. SSK 

T, |g— ©Ul — (RLfl) 190a, S-O'JU- 
(RL f 2) 1 9 0b*«^*tl*. 
[0 0 4 1] 0 8 vf 7 U <y hVt<y -f y ©MfflJ 

T, x^ii/*-;Vvf'J ioJB»#>^i 9&, fifjB* 

fc/<7-/<5«yf-y 2%WMt?2>o H9*#fiaU*^6 
ilf^^tSfc, *-*-fyf-l 5ti, *7 

»OU I/- 1 9 0 («-©>; U- 1 9 0 a, S-O'J U 
-19 0b) tt«fc*7tt«te*rS. iSfJ"^ 
<y*l 5«<*>ea*fc» JB-O'J 9 0 atf*V 
Kfcy, /V7-/<<yf-'J z*>5WBi#y7 , i 9©MMi 
K«Mfi«S?hT, x*/l/#-/Vyf 'J »*>7 1 

*&L, fO^Sx^;^-^7f'J ltfffi*J*fg£t 
S 0 Ctlfcfls-aT, S-O'J U- (R L f 2) l 9 0 b 
tflftftU x^-^'yf'J lfr£>SMtl#>7l 9© 

1*>6/W-/Wt'J 2CWLT*«*»ftSn*. x* 
S <y r 'J l W * « <fc 5 K & o ft 

tl-oy U- I 9 0 a«^7tc«:5 = 
[0 0 4 2] C<D£5I,C, l^;^-^7fU lOiBll 
& H-OyU-l 9 0bttgB«»3*X*. 
S^»OjliG^±c0^tc^-X^>y^l 5*<*7te**X 

7 L 'J««f-«EE*W»5-Pttffi?n4^7-/Wry 2 

[0 0 4 3] x*;l/#-M>yf y 1 OftW, «l*.tfx7 
avffllii, A7-Xr7y>yffl«»a 

nyfflWri&yU-l 3 0 a, /V7-Xf-7 'J V^ffl* 
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fs«y u— 130b, ^*i-AfflBii«y u- 1 3 o 

c^Ltx^-;Vyf'J lfcttttSttTl^*. ft 

fc, #ftntttcoiW-/^f'J 1 fc»«Ts y u 

[0 0 4 4] Cft5tt^©fW?fc*tUTH\ x*;M? 

-/vyry \frznfit>wteznz> a cna, ^7-^ 

•yr'J 2©«fc*ft«r^©**^*M©jfefTBI&*li: 

m u ft»«ib*'Jt««'>a^SHWH«<J*tfx7 3 y 
-y-fy i©tt^*^fflt«ft46-e*So cnfcj^r, 

W©l23EB!©tHrtS*fc*S*5tU jfeffWrtt***^* 

[0 0 4 5] &3b\ DC-DC3>^-^2 4Ji, X* 
K-^7f'J l<D«^-effiitl^'yxy 3£7E«T3o 
CO««OlWIPI4, AyfVtifi • WEEMfP^M 4 £ 

20 [0 0 4 6] H 1 0«, EI 1 O^flMffltetstt*, x*;V 

fee CO*JWWfc48U^T, x*;l/^-/Vyf-'J 1 ©SK1& 
#>7l 9tt, fiWWcJiBMyT-U 3**mtt%, 

mi itzpmListfzwsttzmmzt, 

7>>f<yf-l 5ti, ^7tfi!coTtei3, x*K-;<?rf 

y b»#v7* 1 9 omiiffloy u- 1 9 0 «*7«ffi 
c*s. eK^F, ^-x-^-yf-i 5jy*^ta*i:, y 
u-i 9o«<*yKao» si/vyfja^Mly 
7i 9 0©Mb«fc*7jff#»?nT, e»*>7i 9 

y 2ic«i/T*«*^ft«n*o m^*<o«te^ 

±£D^C+-X-Y-yf- 1 5A^7tc$tlTt, C<Dx^ 
^tHt§5T'^W?nS/^7-/Vyxy 2 0«E*^f^tt 

[0 0 4 7] X^-A7f'J 1 ©^ffl»±H8<0lfr& 

40 fcwau ^n^na^fflcoy u-, tztt^r^y® 

U- 1 3 0 b, /^a-AfflWB»y U- 1 3 0 c *ft 

a^ii, x^-^7fj i*^a^ATO?n«. 

fft, DC-DCny/^-^2 4(i, x^/l/^-A-yf 

y icD«^j-e»vyry 3*«»r*. c©?ta<DSij 

yf-y«8it-«ElfiiJ»¥®4 4(c<fcoTMS!jA-yry 3 
so te*tiTt,««U «EA' ! RlTMci5:§i:|gij^y7l 
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flTTS. Sfc, C©*««ltt> l^Mf-zWf'J 1© 
igiHSfcffiffij; ^r'J 3 *«H fcf 5 £ nttBft* ^ 

7 1 9 ic&mmwmm'p*^tMK$hm-e& 

So 

[0 0 4 8] 

[Hffi©fB*a«tm§] 

[0 1 ] *»Bao-*W«ilca5««*OBIMiiJ«P8B 
[02] Hl©x*;l/*/<y^U-o-*ll«WI*^ , i"H 

[03] ±«B*«ia-rs/<vf i u-©wtt*s , rH"t' 

$5o 



[04] H10^yrU-«)iE'«£ElliJlJI¥l90lllfP* 

[0 5] BEBB©IWeftttffi*SHT?fc*. 

[06] Ay-^yf-U-fcx^I/^/W^'J-©^ 

[07] Av-AvTV-Kmttm<Dmftm*t® 

[08] 0 1 ©JlffiWcfettiK I^-zVyfJO 

[09] H8©Klff*^f + 

[010] 0l©HS6Wc*3tt«> x*jWf-/^fU 

[01 1] 01 0C0i<mt?'l'Aft-hT^? 1 . 

1- ■x*;l/^Vyr'J-^ 2 - A7-^>yr'A 
«I/^f'J, 7-»E@IS» 12"±3>^^^ 13 

i5-3>hD-7< l 
-f**, 1 9->7hX^yf-> 2 0 -laigtt&ttttlHl 
If!!, 4 0 •••*■!««« -WEMlPm 4 2-PW 
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[09] 
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